During the experiment on 70 adult male rats of the Wistar line the priority mechanisms of development of streptotrozotocin diabetic cystopathy were determined. It's morphometrically and statistically proved that the imbalance of the systemic mechanisms of the functioning of the transitional epithelium of the bladder starts from the first stages of the development of diabetic cystopathy and is not restored to the end of the experiment; it is associated with a violation of the structural and functional balance between the uroletocytes of clusters 4 and 1 and clusters 2 and 3, as well as with a loss of urothelial bladder of morphological stratification. The general pathological processes accompanying the diabetic cystopathy of a bladder development were revealed. According to the results of histological, morphometric, ultrastructural methods, biochemical studies of blood and urine, determination of water balance and cluster analysis, the main systemic and non-systemic factors that cause the development of these pathological processes were established. 
This article is a logical continuation of the scientific work, which was based on the results of cluster analysis of transitional epithelial cells (TE) of the bladder (UB) of rats in norm. In the previous article we stated that the use of cluster analysis in the context of experimental pathology opens wider opportunities for obtaining new results. For example, we chose an experimental diabetic cystopathy (DC), which was developed in laboratory rats on the background of simulated streptozotocin diabetes (SD).
Like the previous one, this article may serve as a methodological recommendation, first and foremost, for young scholars who want expand their scientific outlook. Such a methodical approach to obtaining new scientific results can be successfully applied to the study of cells of epithelial layers, which have a high ability for physiological and reparative regeneration (epithelial cells of the stomach, small and large intestines, air and urinary tract, vagina, endometrium, epidermis, etc.) both in norm and in different pathologies.
The most important things that were established in our previous studies are: 1) the most correct metric features for performing cluster analysis of cells of the TE of UB is the area of the profile field of its cells and their nuclei; 2) cluster analysis of urotheliocytes of UB should be performed in case of heterogenity of the cellular composition of its separate layers, which can be determined by the coefficient of variation; 3) the most important factor for urotheliocytes of UB is the coefficient of variation of their nuclear-cytoplasmic relations (NCR) which, besides the heterogeneity of the composition, also indicates the degree of their differentiation in each layer of the epithelial layer; 4) the most universal of agglomerationhierarchical methods which gives an opportunity to obtain new results on the number of clusters of the cellular composition of the epithelial layers, is the Vard method and the Euclidean metrics; 5) among iterative methods that determine the metric indices of cells of different clusters, it is enough to use the method k-means (Hartigan-Wong algorithm); 6) for figurative representation of the results of a cluster analysis, it is expedient to use cognitive graphics, the various elements of which are painted in different colors, each of which has its own definite content that makes it possible to draw certain conclusions without analyzing a large amount of data; the presentation of clustering results using the k-means method belongs to this graphics; 7) for the establishment of certain laws in morphological works morphological investigations are carried out at macro, micro and ultrastructural levels, which are supplemented by morphometric indices, descriptive and comparative statistics are used to confirm the evidence of obtained results; cluster analysis gives an additional opportunity to receive statistically substantiated new results, which objectively reflect existing relationships between objects and phenomena in numerical measurements; these new results require substantiation using both morphological, physiological, biochemical and other research methods.
For the first time due to these conditions we received in the norm four clusters (CL) of the urothelial cells of rats' UB, namely: CL 1, which according to our data is formed by basal urotheliocytes -cambial cells and, according to some authors [2, 5, 12] differentiate into cells of other layers of TE; as we have established, CL 4 is formedby umbrella cells that form the urothelial barrier [5, 9, 12] ; among intermediate urotheliocytes, which according to the literature are differentiating, are migrating cells [2, 5, 9] , we have identified two CL that metrically differ in size between cells and their nuclei and the level of NCR; and they differ morphologically in the number of urothelial vesicles and lysosomes, the severity of the Golgi complex (CL 2 is formed by moderately differentiated urotheliocytes and CL 3 -by highly differentiated ones).
During investigation of the cell composition of the TE of UB we have found that, particular attention should be paid to comparing the percentages of cells forming each of these clusters, namely: the absence of statistically significant differences between the particles of cells of CL 1 and of CL 4, that reflects the consistency between the proliferative potencies of basal urotheliocytes (CL 1) and the integrity of the urothelial cell barrier (CL 4), as well as between the percentages of CL 2 and of CL 3 cells, indicating a balance between the initial and final stages of differentiation of the intermediate cells of the urothelial UB.
Thus, the results of previous studies (using cluster analysis) indicate that there is a structural-functional equilibrium between the cells of the cluster pairs in norm, which reflects the morphometric features of functioning of the SM UB cells in normal conditions. That means, cluster analysis allows to approach the study of the cellular composition of the urothelia of the UB from the standpoint of structural analysis -a method of studying the sustained characteristics of the hierarchically ordered system (in our case, the system of cells of the TE UB) by indicating its subsystems and elements of different levels (the cells of different clusters in our case) and by determination of relations and connections between them.
The objective of the study To show the possibilities of cluster analysis in obtaining new scientific results, to illustrate the examples of justification of new data on the basis of the results of histological, ultrastructure, biochemical methods of blood and urine research, study of water balance on the example of the study of UB cells on the background of the development of diabetic cystopathy, and also to provide an example of a comprehensive assessment of the pathomorphological reconstructing the urothelium using cognitive graphics.
Materials and methods of research
The study was performed on 70 male Wistar rats in the age of 12 months (10 animals were diabetic and 4 controls for each term of experiment). Diabetes mellitus was modeled by streptozotocin (60 mg / kg body weight). The material was collected at 14, 28, 42, 56 and 70 days of the experiment. TE of UB was studied on histological sections stained with hematoxylin and eosin (H & E), and was studied ultrastructurally according to the recommendations [21] .
Morphometry was carried out by the program for analysis and processing of images Image J v. 1.47 (https:// imagej.nih.gov/ij/), which is distributed with open source without license restrictions [7, 22] . The statistical analysis, including the cluster analysis, was performed in the software environment for statistical calculations and graphs R v. 3.0 (https://www.r-project.org/), which is also distributed without license restrictions [20] . Numerical data was presented as mean and standard deviation (Mean ± SD). The cluster analysis was performed on the area of the profile fields (hereinafter -the area) of urothelial cells and their nuclei using the k-means method (Hartigan-Wong algorithm) [1, 4, 8] . Blood glucose levels were determined using the "Accu-Chek Active" glycemeter from the German firm "Roche Diagnostics GmbH". The level of glucose in urine and glucose in the blood during the collection of the material was established by glucose-oxidant method. pH measurements of urine were performed by the pH meter "Checker 1" ("Hanna Instruments"). The determination of the body mass of the rat was performed on a laboratory scale, and the mass of UB was measured on the electronic scale. Collection of urine was carried out in a metabolic chamber of our own design [26] .
Results of the research and their discussion
The data, obtained in norm, was taken as the basis for the study of UB TE cells in DM, which causes the development of diabetic cystopathy. Since the number of clusters in the urothelial cellular cell was set to normal, only the iterative method of clustering k-means was used, which allowed to get the percentage of cells that form each cluster and the average area of the urothelial cells and their nuclei in each cluster, from which the NCR was calculated. We first discovered that in the case of development of DM the structural and functional balance between the umbrella cells (CL 4) and basal urotheliocytes (CL 1), as well as between cells of CL 2 and of CL 3, is interrupted.
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The confirmation of this ( Fig. 1 ) is statistically significant increased percentage of cells CL 1 in the range of 1.90-2.53 times and the decrease in the particles of cells CL 3 and 4 in 1.40-1.83 times and 1.42-2.30 times respectively from the 14th day of experiment and in the following terms. At the same time, the proportion of CL 2 cells during the experiment did not change statistically significantly. Such a restructuring of cluster structures indicates an imbalance in the systemic mechanisms of the functioning of UB TE, which starts already from the earliest stages of the development of the SD and is not restored till the end of the experiment. These statistical results, which we received from the data of cell morphometry of TE and cluster analysis at each stage of the observation of DM development, are new (we did not find analogues in the available literature), but they need further justification.
So, already at the early stages of the development of the SD [25, 27] the desquamation of cells of CL 4 and of CL 3 develops in rats, which is manifested both in optical-optical ( Fig. 2) and ultrastructural ( Fig. 3 ) levels, and leads to a decrease in the percentages of cells of these clusters (see Fig. 1 ). We believe that extraction of UB TE cells at 14-28 days of the experiment results in high hydrostatic pressure of urine, the volume of which increases in these terms in 12, 14-18, 54 times [27] . The desquamation of the urothelial of UB with an experimental DM, which was presented only descriptively, was also indicated by other researchers [9, 11] only at later dates of the SD (at the end of the 8-9th week). Other authors [4, 31] revealed the desquamation of umbrella cells with various pathological effects much earlier: the first after -72 hours, and the second -for 20 minutes after the action of the factor.
We found that on the 42nd and 56th days of SD development [27] the desquamation of the UB TE increases, which is identified both on the histological sections ( Figure 4 ) and ultrastructurally (Fig. 5a, b) . Urotheliocytes of all layers of TE undergo eradication, that leads to interruption of stratification (pathological change in the layered structure of PE) and the denudation of the basement membrane (Fig. 4b) . The increase of desquamation of TE cells, as pointed out by some authors [6] , contributes to the displacement of the reaction of urine to acidic. In our experiment starting from the 42nd day the pH of urine of diabetic rats was 6.08-5.53 [29] . Other authors are pointing on the loss of morphological stratification of TE during different cystopathies, namely, vibrational disease and chronic prostatitis [17] . It should be noted that along with the sites of TE in which there are pathological changes, there are areas where the urothelium slightly differs from the norm or control. A number of authors indicates such a polymorphism of changes in urotheliocytes during cystopathies [9, 16, 18] .
It is known that destruction of the urothelial cell barrier (urotheliocytes of CL 4) causes increased proliferative activity of cells of the basal layer of PE (urotheliocytes of CL 1), which are further differentiated into cells of other layers of the urothelium [2, 5, 9, 12, 13, 14] . Obviously, in our experiment, a percentage increase of basal urotheliocytes (cells of CL1) is also a consequence of their proliferation.
Based on our data and literature data [12, 31] it can be considered that a decrease of the number of cells of CL 3 that we found, is indicator of a slowing down of the terminal (terminal) phase of differentiation of intermediate urotheliocytes of UB. At the same time, the initial stage of their differentiation does not suffer, as it is indicated by the absence of a statistically significant difference between the percentages of CL 2 cells of control and diabetic rats in all periods of SD development. By the way, R. E. Hurst et al. [10] notes that there is a defect in the terminal differentiation of the urothelial cells during some UB pathologies.
According to the morphometric and cluster analysis performed by us, it was found that on the 14-28 days of the experiment the average area of urotheliocytes in all clusters was increased by 1.21-1.40 times, and their nuclei -by 1.17-1, 44 times (Fig. 6 ). These results are original but need to determine the reasons of such changes.
We have investigated that the above-mentioned morphometric changes are due to the development of ballon dystrophy, which appears on histological preparations as light sections of the cytoplasm that do not permeate eosin (Fig. 7) . Often these sites are localized around nuclei of urotheliocytes. Actually on histological sections it is evident that vacuolic dystrophy occurs simultaneously in urotheliocytes of all layers of TE, especially in the intermediate and basal, and may be less or more seen. At the ultrastructure level the vacuolal transformation of mitochondria is determined; inside of mitochondria there are of fine-grained, mesh or thin-fibric structures (Fig.  8a) . Apoptotic nuclei can occur in these urotheliocytes (Fig.  8b) . At the same time, the expansion of the near-nuclear space, the expansion of the tubules and tanks of the endoplasmic net and the vacuolization of the mitochondria (Fig. 8c) are identified. Vacuoles are often arranged in the form of a ring around the nucleus (Fig. 8 d) . The latter explains the localization of the enlightened sections of the cytoplasm on histological preparations. Liquid is also accumulated in phagolysosomes where hydrolytic enzymes which break the molecular bonds of biopolymers with the addition of a water molecule, are activated. In such vacuoles it is possible to observe non-split residues of different magnitudes and densities (Fig. 8b, d) . A number of authors indicate that after the damage of the urothelial barrier the transfer of urinary components, in particular water, into the deeper layers of the UB TE occurs [5, 14] . In our experiment this was especially favored by the desquamation of the urothelium, which sometimes could reach BM. It should be borne in mind that hyperglycemia causes osmotic diuresis, which leads to an increase in the 12-14-18.54 times daily volume of urine which has a low density on the 14-28 days of the experiment, as a result of a decrease in water reabsorption in proximal tubules and a nephronal loop. Two mechanisms may be involved in the transport of water from such urine to the urothelial cells: passive -diffusion according to the concentration gradient [12] and active -with the participation of aquatories (AQPs) [23] and urea conveyors (UTs) that modulate the size of urothelial cells and osmolarity of urine [23, 24] . Cells with vacuolic dystrophy occur less frequently in the following terms, and in the 70th day actually are undetectable. On 42-56th day cells in which the vacuoles were merged often appear into large blisters -cylinders that compress the nucleus and organelles (see Fig. 5, d ). It is believed that such (balloon) dystrophy causes the development of focal colliculative necrosis of cells [3] .
From the 42nd day till the end of the experiment (see Figure 6 ), there is a progressive decrease in the size of the cells of the TE and their nuclei, so that for the last term of the experiment the average areas of urotheliocytes of CL 1, 2, 3 and 4 become smaller by 1.07-1.24 times, and their nuclei -by 1.16-1.39 times. These results are obtained by morphometric and cluster analyzes and have a high degree of novelty, but they need to determine the reasons for such a transformation of TE cells like the previous ones. It was found that on the 42-70th days of SD development the content of urotheliocytes that appears to be dehydrated increases (Fig. 9) . Their matrix isosmiumophilic with low content of urothelial vesicles and reduced by cytoplasmic organelles. On the 56-70th days of the experiment, single urotheliocytes with clarified cytoplasm and secondary lysosomes that break up are determined along with such cells, indicating the predominance of lysis processes in the cytoplasm of these cells. Discontinuities of the binding complexes often occur in these terms leading to slit-like extensions between umbrella cells (Fig. 9b) .
In our opinion, a decrease of size of TE cells and their nuclei and an increase in the content of dehydrated urotheliocytes is caused by glucosuria, which is the most common at these observation periods: the concentration of glucose in urine is 21.26-21.67 mmol/l and is higher than in control in 22, 61-22, 81 times. In this case, the diuresis of diabetic rats on this date decreases in 1.74-1.76 times comparing with the 28th day. Actually reducing diuresis with high glucosuria significantly increases the specific density of urine, whose osmotic pressure is higher than in urotheliocytes, and water derives out of cells thanks to gradient of concentration. As a result dehydration of urothelial cells develops. It is known from literature that TE cells lose water in hypertonic urine [2, 12] . That's why it should be added that during the period from the 28th to the 56th day of the experiment the desquamation of the urothelial cells of the UB still does not subsist, and there is a destruction of many connective complexes between the umbrella cells, which promotes the transfer of high specific density of urine from the intercellular spaces to the deeper layers of the TE. According to N. Montalbetti et al. such urothelial paracellular transport of substances is possible even without damage to the urothelial barrier. [15] . To our mind, the most accessible for the visual perception of clustering results using the k-means method is presenting the results in the coordinate field in the form of cognitive graphics (Fig. 10) . On fig. 10 the cluster structures of the cells of the UB TE are presented in norm and in different stages of development of the DM in a plane where the axis of abscissa is the area of urotheliocytes, and the ordinate axis is the area of their nuclei. Urotheliocytes of each cluster are marked by different colors: cells of CL 1, 2, 3 and 4, respectively -red, green, blue and orange. It is clear from the figure that on the 14th day of the development of the SD there is significant dilution of the elements of the cluster structure, especially of CL 4 and 3. There are numerous emissions (values which noticeably differ from the majority in the research group). Probably the reason for this is a powerful extraurothelial factor that significantly disturbs the system of cellular composition of TE. In our opinion, such factor is polyuria which occurs as a result of osmotic diuresis, which increases daily diuresis of diabetic rats in 12.14 times comparing with a norm [27] . As a result, the hydrostatic pressure of a large volume of urine and the rapid filling of the UB destroy the urothelial barrier formed by the monoplate of umbrella cells. The latter stimulates the proliferation of basal urotheliocytes [2, 5, 9, 12, 13, 14] and triggers a cascade of pathomorphological changes.
On the 28th day of the experiment the rarity of the elements of the cluster structure and emissions increases, and the line on which the centers of the clusters are located bends (see Fig. 10 ). We believe that this is due to an increase of effect of extraurothelial factor (daily diuresis increases in 18.54 times). In addition, there is a new factor -aciduria [27] .
A reverse process is observed since the 42nd day of the SD -cluster elements are grouped around their centers (see Fig. 10 ); that indicates a decrease of the influence of the previous factor (diabetic rats daily diuresis decreases by 1.45 times comparing with the 28th day). On the 56th day of the experiment due to further reduction of diuresis (in 2.07 times) the area of the cluster structure of the urothelium becomes even smaller. It is important that the area of cluster structures in these two terms significantly decreases comparing with the norm. In addition, clusters are shifted to the center of the coordinates, indicating a decrease of the area of urothelial cells and their nuclei. Such a reorganization of the cluster structures of urotheliocytes on 42-56 days of the experiment shows that there were powerful impacts of the new non-systemic factor namely, significant glucosuria (the concentration of glucose in urinein these terms increases in 2.53-2.67 times comparing with the 28th day of the experiment).
Only on the 70th day of the development of SD (see Fig.  10 ) the area of the cluster structure of the cells of the UB TE does not change practically comparing with the previous term, and the line on which the centers of the CL stand approaches to the straight line and reminiscents the norm one. In general the cluster structure of the cellular structure of the urothelium in the last term of the experiment suggests that the cellular composition of the UB TE was adapted to the constant influence of extrasystem factors mentioned above.
Summarizing the above-said, it can be argued that the use of cluster analysis as a method of cognition, makes it possible to obtain new results, which require substantiation/confirmation in the future; this is possible with the use of not only morphological methods (histological, submicroscopic and morphometric) but also other methods of research (first of all biochemical, massometric, water balance studies and others -depending on the goal). Thus, a large array of numerical data obtained by different methods of research is created; it allows making a comprehensive assessment of the pathomorphological changes that have been made in morphology in the descriptive format. Moreover, the larger the data array -the greater the volume of descriptive information and the more difficult it is to realize. In such cases, it is expedient to convert the text descriptions into logistic images, that is to apply methods and techniques of cognitive graphics and to summarize the results in the form of schemes (Fig. 11) . Figure 11 combines both biochemical and morphological changes. In addition, with the help of arrows the connection between them is shown; it allows determining the priority directions of the development of pathomorphological processes without numerical analysis of a considerable volume of primary data. It should be noted that changes in the defining biochemical parameters (hyperglycemia, glucosuria) and diuresis are given in comparison with the control, which reduces the individual variability and helps to objectify the received data once again. Data on morphological and metric changes in the urotheliocytes' population is presented in the form of general abstract, which allows making a quick analysis of the cascade of pathomorphological changes. In this case, the isolation of the terms of observation contributes to the understanding of the phases of the restructuring of the urotherial composition of the UB TE depending on the duration of the influence of various factors. Fig. 11 clearly shows that the entire cascade of changes is triggered by hyperglycemia, which is determined from the first observation period, increases until the 42nd day of the experiment and remains stable in the last two terms. Hyperglycemia is the cause of osmotic diuresis, which increases the daily volume of urine in 12.4-18.54 times in the first two terms comparing with control. In this case, the concentration of glucose in the urine increases only in 2.47-4.08 times. Due to a significant increase of diuresis and insignificant glucosuria the urine becomes of low density.
A large volume of urine on 14-28th days of the experiment causes growing desquamation and wedge-shaped gaps in umbrella cells and the restructuring of cluster structures of urothelium, and low-density urine enters the urothelial cells because of significantly increased diuresis; it leads to development of growing balloon dystrophy and increase of the size of cells of TE and their nuclei. Morphological manifestations of rheological disorders of blood which we have discovered are in the form of slugs in venules, interstitial edema, dystrophic changes in endothelial cells and minor violations of the structure of the basement membrane [28] , and they do not significantly affect the pathomorphological changes of the urothelium cells in these terms.
During the 42-56th days of the experiment the effect of diuresis (Fig. 11) increases, which causes desquamation of the cells of the intermediate and basal layers of the urothelium, the discontinuities of the binding complexes, the expansion of the intercellular spaces, the merging of small vacuoles into the cylinders. In these terms high glucosuria and reduced diuresis significantly increase the specific urine density, which causes dehydration of urotheliocytes; it is ultrastructurally manifested by the consolidation of their cytoplasm and morphometrically confirmed by decreasing of the size of cells and their nuclei and increasing of the number of urotheliocytes with the cytoplasm of elevated electron density. These processes increase to the 70th day of the experiment that is
